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[57] ABSTRACT 

An LC display device has a circuit for resetting the display 
status of a scanning line by black resetting and white 
resetting alternately perfOTined before writing infonnation 
thereinto. The drcait also modifies a data signal in accor- 
dance with the polarity of a reset pulse so as to achieve 
substantially the same average amount of transmitted light 
during a period after resetting, regardless of the resetting 
manners, 
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LIQUID CRYSTAL DISPLAY APPARATUS 
HAVING SUBSTANTIALLY THE SAME 
AVERAGE AMOUNT OF TRANSMITTED 
LIGHT AFTER WHITE RESET AS AFTER 
BLACK RESET 

This application is a continuation of application No. 
08/166.874 filed Dec. 15. 1993, now abandoned 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a liquid crystal display 
device for use in display apparatuses of computer terminals, 
television receivers, word-processors, typewriters and the 
like, optical bulbs of projectors, view finders of video 
cameras, and the like. 

2. Description of the Related Ait 

Various liquid crystal (LQ display devices are known, for 
example, twisted nematic (TO) LC display devices employ- 
ing twisted nematic liquid crystals, guest-host LC display 
devices, and smectic (Sm) LC display devices employing 
smectic liquid crystals. 

In such LC display devices, the liquid crystal sandwiched 
between substrates changes its transmittance according to 
the ^plied voltage. Thus, the strength of the electric field 
^pHed thereto varies depending on the size of the inter- 
substrate gap, that is, the thickness of the liquid crystal layer. 

Clark and Lagerwall disclosed a bistable ferroelectric 
liquid crystal (LQ device employing a surface-stabilized 
ferroelectric liquid crystal in, for example. Applied Physics 
Letters, vol. 36, 11 (Jun, 1, 1980), pp. 899-901, Japanese 
Patent AppUcation Laid-open No. 56-107216, U.S. Pat Nos. 
4^67,924 and 4,563,059. In this bistable ferroelectric LC 
device, the liquid crystal is disposed in a gap between a pair 
of substrates arranged so that the gap size is sufficiently 
small to inhibit the formation of helical structure of the 
liquid crystal molecules which usually occurs in diiral 
smectic C phase (SmC) and H phase (SmH) in bulks of the 
liquid crystals, and homeotropic molecule layers formed of 
a plurality of LC molecules are aligned in a single direction. 

In addition, display devices ernploying such ferroelectric 
liquid crystals (PLCs) arc also described in U.S. Pat. Nos. 
4,639,089, 4,655,561 and 4,681,404. In the display devices, 
an FLC is filled in a gap of a liquid crystal cell comprising 
two glass substrates spaced apart from each other by about 
1-3 pm, the inside surfaces thereof having been provide with 
transparent electrodes and alignment-treated. 

The above described FLC display devices have the fol- 
lowing advantageous features. Because PLCs have sponta- 
neous polarizability, the binding force of spontaneous polar- 
ization can be utilized together with an external electric field 
for switching. Because the directions of the long axes of 
FLC molecules and the directions of spontaneous polariza- 
tion show one-to-one ccirespondence, the FLC display 
devices can be switched according to the polarity of an 
external electric field. More specifically, because PLCs in 
the diiral smectic phase exhibits bistability. that is, they 
quickly assume one of the first and second optically stable 
states in response to application of an electric field, and 
remains in the same optically stable state even after the 
electric field is discontinued, FLC display devices are 
expected to be widely anploycd in various fields, for 
example, highrspccd and memory-type display apparatuses. 

As described above, although chiral smectic liquid crys- 
tals (SmC, SmH). widely-used PLCs, exhibit in bulk align- 
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ments in which the long axes of the liquid crystal molecules 
are twisted, the twisting of the long axes of liquid crystal 
molecules is eliminated if such a liquid crystal is filled in a 
cell gap having a size of about 1-3 (N. A. Clark et al, 
5 MCLC (1983) vol. 94, pp, 213-234). 

A liquid crystal display apparatus comprising an PLC as 
described above can en^loy a display panel comprising 
large-capacity pixels to display images if it uses the multi- 
plexing drive method disclosed by Kanbe et al in, for 
10 example, U.S. Pat No. 4,655,561. Such LC display appa- 
ratuses can be used in word processor, personal computers, 
microprinters, televisions. 

Although FLC devices generally use the two stable states 
to transmit and block light, that is, to perform binary (black 
and white) display, they can also perform multivalued (gray 
tone) display. A gray tone display method, called area 
modulation method, achieves intermediate light transmitting 
states by controlling the ratio between the areas in the 
bistable states in a pixel. The area modulation method will 
be described below. 

FIG. 1 is a graph indicating the relation between the 
transmittance and the amplitude V of a switching pulse in an 
FLC device. The horizontal axis of the graph is the loga- 

^ litfams of the amplitude V of a single pulse having one 
polarity, and the vertical axis is the amount I of ligjit 
transmitted through a cell (device) while the cell changes 
from the light blocking (black) state to the Ught transmitting 
(white) state by application of the single pulse thereto. When 

3Q the an^litude of the pulse V is less than a threshold 

the amount of transmitted light does not inaease, 
that is, the state of the pbcel exhibits no change, as shown in 
FIGS. 2(a) and 2(fe) indicating (he states before application 
of a single pulse and the state immediately after the pulse 

35 application, respectively. When the pulse amplitude exceeds 
the threshold (V^<V<V^^, part of the pixel changes from 
the light blocking state to the light transmitting state, as 
indicated in PIG. 2(c). Thus, the pixel as a whole transmits 
intermediate amounts of light When the pulse amplitude 

^ becomes greater than the saturated value (V^<V), fte 
entire pixel assumes the light transmitting state as indicated 
in FIG. 2(d). Thus, the amount of transmission reaches a 
constant value. The area modulation method achieves gray 
tones by controlling die ^plied voltage so that die pulse 

45 amplitude V becomes a value witiiin the range V^<V<V,^ 
However, because the amount of light transmission varies 
depending on the cell thickness and the temperature as well 
as die applied voltage, such a simple driving method as die 
area modulation method has a problem in that if the thick- 

50 ness or tenq>erature differs from one location to another in 
a cell, the tone level of one pixel will be different from that 
of another pixel even when pulses of the same amplitude 
(voltage) are aj^lied thereto. 
The above-stated problem will be explained witii refer- 

55 ence to the graph of FIG. 3, similar to FIG. 1, indicating the 
relation between the anoLplitude (voltage) V of an applied 
pulse and the amount I of transmitted light The lines H and 
L of the graph indicate the V-I relation at high and low 
temperanires, respectively. As indicated by the graph, an 

60 amplitude of a single pulse gives gray tones varying 
within the range between I^ and I^ depending on 
temperature, thus failing to display a uniformly-toned 
image/Because such a non-uniform temperature distribution 
in a portion coatresponding to a single pulse (a displaying 

65 portion) normally occurs, particularly, in a large-size display 
device, the area modulation metiiod often suffers from this 
problem. 
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To diminate the problem, the present inventors have and a dark domain conesponding to the light blocking state, 

proposed "4^ulse method" in U.S. patent application No. Urns, tone display can be achieved by controlling the area 

681,993 filed on Apr. 8, 1991 (see FIGS. 4 and 5). This ratio of the li^t and dark donaains. 

driving method applies a plurality of pulses pulses, (A), (B), This driving method can be employed to achieve stepwise 

(C) and (D) as shown in FIGS. 4 and 5) to low, intermediate 5 tone display and continuous (analog) tone display. To 

and high-threshold portions in a single scanning line and achieve analog tone display, the amount of light transmitted 

thereby achieves substantially the same inverted areas in all through each pixel must be continuously varied, 

the portions when the last pulse, pulse (D) in the aforemen- (2) The pixel shift method simultaneously sdects two 

tioned figures, has been applied, scanning signal lines. This feature will be described with 

Hie present inventors also proposes, in the specification lo HGS. 8(a) and Sibl HG. 8(a) is a graph 

ofU.S.patentappUcationNo.984,694filedonDec.2,1992, indicating Aetransmittance-y^^^^ 

'^pixel shift method" whidi requires a shorter write-in time "fi^^i^S^,^ 

tL the 4-pulse method. Tlie pixel shift method simulta- ^fmJ^??^^^^^^ 

1 • ^ j*rc * • ' 1 ^ 1 /r 0-100% IS assigned to mdicate a display domam of a pixel 

ncously inputs different scanmng signals to a plui^ty of b on a scanning Une 2, and the tonsmittance range of 

scannmg signal hnes and thus sclecuvdyo^^ 15 100-200% is assigned to indicate a display domain of apixel 

tion of dectnc field strength over the scanmng hues m order ^ ^ ^^^^^ ^ ^^^^ transmittance 200% 

to achieve gray tone display ^^^^ ^^^^^^ ^^^^ A and B have entirely 

The pixel shift method will be briefly described. The LC assumed the light, transmitting state when the two adjacent 

cell used by the pixel shift method has threshold gradient in scanning signal lines 1 and 2 are scanned. According to this 

each pixel. FIG, 6 shows an example of such an LC cell As 20 jj^gthod, two scanning signal lines are simultaneously 

shown in FIG. 6, because the thickness of an PLC layer 55 selected in response to a piece of tone data, and a domain as 

between tile electrodes varies over each pixel, the switching large as one pixel is assigned for the piece of data, as 

threshold of the FLC accordingly varies over each pixel If illustrated in FIG. 8(f>). 

^V^^^i^^^^"^ P^'^.^ graduaUy increased. At temperature Tl, tone data is written in as foUows. The 

switchmg (state ™on) graduaUy occurs from por^ns ^ p^^d voltage Vo inverts an area corresponding to trans- 

hamga5maUFlX:tfucknesstoportionshavmgala^^ ^tt^^e 0%, and die applied voltage V,oo inverts an area 

®^^* corresponding to transmittance 100% thereof. In other 

FIG. 7(a) is a gr^h indicating that the relations between words, at temperature Tj, the area which undergoes stable 

die applied voltage and transmittance at three different state inversion when receiving voltage ranging from Vq to 

temperatures, in which Tl, T2 and T3 are the tenq)eratures v^^ (hereinato, referred to as **the effective pixel area") 

of aportionof thepanelthatisobserved.Asindicatedbythe coincides witii the area consisting of the pixels B on the 

gr^h, the switching threshold of the FLC decreases as scanning signal line 2, as indicated by the shadowed area in 

tenqserature increases. PIQ 

Although factors other than tenqjerature can also cause if the temperature rises fromT^ to, for example. Tj, the 

the threshold to vary, the following desa^tion will be made threshokl voltage of the Hquid crystal accordingly deaeases 

only in connection with variation in temperature, to simplify and, therefore, an area inverted (or a light transmitting 

the description. domain achieved) by the same level of voltage wili increase. 

As indicated by FIG. 7(a), when a voltage V,. is applied at To correct such a temperature-dependent inaease of the 

a ten^)crature T^ to a pixd that has been entirely reset to the ^ inverted area, presetting is made so that the effective pixel 

light-blocking state, the pixel achieves a transmittance of X area is shifted so as to lie over the pixels A and B on the 

%. However, if the temperature increases to T2 or Tg^ the scanning lines 1 and 2 without a substantial change in size, 

application of the voltage V, to the pixel wiQ provide a as indicated by the shadowed area associated with *T2*C." 

transmittance of 100%, thus failing to achieve a proper gray in FIG. S(b). 

tone. FIG. 7(c) illustrates die status of the black-white 45 if the temperature further rises to T3, the effective pixel 

inversion in a pixel at tiie temperatures T^, Tj and Tg after area is shifted so as to coincide with the area consisting of 

tone data have been written tiiereinto. Because the effect of the pixels A on the scanning signal line 1, as indicated by the 

tone data significantly varies depending on temperature as shadowed area associated with 'T3°C." in FIG. 8(t), 

shown in HG. 7(c), use of an LC device is limited to a (3) t^ic pixel shift mctfiod applies diffaent scanning 

sigmficantly narrow temperature range. signals to the two scanning Uncs simultaneously selected. To 

However, stable tone display can be achieved despite compensate for ten5)eraturc-dependent variation in the 

temperaturevariationby enq)loyingtiiepixelshiftmethodin threshold voltage for LC state switching by simultaneously 

which, as shown in HG. 7(^0, data for a pixel is shared by selecting two scanning signal lines, the scanning signals 

two adjacent pixels on different scanning signal lines SI and appUcd to the two scanning signal lines must be different 

55 from each other. This feature will be described with refer- 

This driving method will be described below in conncc- ence to FIGS. 7(a) to 7(d), 

tion with three major features. xhe scanning signals appUed to the scanning lines 1 and 

(1) The method iises an FLC cell having a continuously 2 are formed so that the switching threshold continuously 

-varying tiireshold distribution in each pixel, for example: an varies from the pixels B on the scanning signal line 2 to ttie 

FLC cell as shown in FIG. 6 in which each pixel has a 60 pixels A on tiie scanning signal line 1, that is. as shown in 

continuously varying cell-tiiickness distribution; an FLC the graph of FIG. 7(&), a transmittance-voltage line is linear 

cell, as proposed by the present applicant in Japanese Patent and continuous from ttie pixels A to the pixels B. like tfie 

Application Laidopen No. 63-186215, in which each pixel graph of HG. 8(a), tiie graph of HG. 7(a) indicates that it 

has potential gradient; or an FLC cell in which each pixel the transmittance is within the range of 0-100%. only tiie 

has capacity gradient. Because each pixel has a continuously 65 pixels B on tiie scanning signal line 2 are used for display, 

varying tiireshold distribution, it can simultaneously have a and tiiat, if it is witiiin the range of 100-200% tiie pkds A 

light domain corresponding to tiie light transmitting state on tiie scanning signal line 1 are also used for display. 
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Thereby, even if the pixels A and the pixels B have the FIGS. 2(a) to 2(0 illustrate the stable state inversion of a 

same cell shape as illustrated in FIG. 9(i), they can perfOTm pixel in accordance with the voltage applied thereto in a 

tone display conq>arahlc to the tone display performed by a conventional area modulation FLC device 

cell, as shown in FIG, 7(6), actually having a switching ^« t.jj.^^ ..^ 

threshold gradient substantiaUy continuous from the pixels ^ ^ ^ g^P^ indicating the relation between the 

B to the pixels A. transmittance of an FLC and the voltage applied thereto at 

If the pixel shift method is en^)loyed to perform tone different temperatures, 

display, it is preferable that the erasing (reset) orientation be FIG. 4 illustrates a conventional driving meihod, that is, 

switched every scanning line or every frame. However, the 4-pulse method, 

because the cyde of reset to the light transmitting state prrj e jii.,c*x^f*. a «„!c^ ^^u^ 

{whitereset)andresettothelightblocSngstate(blackreset) lo ™- ^ lUuslxates the 4-puIsc method, 

causes a li^t quantity change during the resetting period or ^ schematically illustrates an LC cell suitable for the 

after the write-in period, a viewer may perceive flickering of LC display device of the present invention, 

the display. piGS. 7(ay{d) illustrate the pixel shift method. 

In addition to tiie above problem, there is another prob- ^^^^ ^ 

lem Even when the same tone level needs to be mamtamcd. 15 TTrr-c x j * • 

the tone level after white reset and the tone level after black ^^^^ illustrates the pixel shift method, 

reset differ from each other due to light leaking during reset FIG. 10 illustrates the operation of the LC display device 

periods or after write-in periods. of the present invention. 

SUMMARY OF THE INVEISTTION ^IG. II is a block digram of a driving circuit suitable for 

Accordingly, an object of the present invention is to the LC display device of the present invention, 

provide a liquid crystal display apparatus which improves ^IG. 12 is a tmiing chart illustrating the driving circuit 

contrast during tone display driving by naodifying the cOn- FIG. 13 illustrates the driving waveforms used by 

tent of display information so as to addeve substantially the Example 1 of the present invention, 
same average amount of transmitted light of a frame after 

white reset and a frame after black reset 25 DESCRIPTION OF THE PREFERRED 

One aspect of the present invention provides a liquid EMBODIMENTS 

^tal display apparatus of inatrix-decfrodc type for per- The operation of the Hquid crystal display device of the 

^^f.r.'^^'JL'^'^'^f^i'^'* "^""''^.^ '^a^'' invention will be first dcsaibed widi reference to 

spaced from each other so as to form a gap therebetween, fjQ i^'-u^t 

each of the electrode substrates having an electrode extend- 30 ' *ii 

ing in a direction different from the direction of the electrode illustrates waveforms 1 and 2 which are applied 

of the other electrode substrate so as to substantially inter- pixels. The waveform 1 is essentially composed of a black 

sect the other electrode; a ferroelectric liquid crystal filled m reset pulse for resetting a pixel to the light blocking state and 

the gap, whereby a pixel is formed in an intersection portion ^ white write-in pulse of a voltage Vbon for writing a display 

of the ferroelectric liquid oystal at which the electrodes of 35 P^^l so as to orient LC molecules therein to the 

the two electrode substrates substantially intersect, the pixel light transmitting state. The waveform 2 is essentially com- 

having a non-uniform threshold distribution; and a circuit posed of a white reset pulse for resetting a pixel to the light 

for performing entire-frame writing by line sequential scan- transnaitting state and a black write-in pulse of a voltage 

ning whereby the display status of each scanning line ~^won for writing a display data into the pixel so as to 

portion is reset before information is written into the scan- orient LC molecules feerein to the light blocking state, 

ninglmeportton andformodtfyinganinf ^ piG. lOfiiither shows tiie curves («) and (3-2) indicat- 

accordance with the polarity of a reset pulse so as to achieve a- 1^ ^ t 4^ ; ouu v^^-*; muicai 

substantially the saT avenge amount of tran^toSt fl^^^ optical response of a pccel to the wave- 

during a pciiod in a frame Jer resetting by 4^e^ oril i"^^ T^utf ^ "^"^ ^''^^'"^ 

tation and during a period in a frame^^er resetting by f f ^ and the horizontal axis is time, 

"blackf' orientation. ^5 The mtegration of light quanUty difference between the 

Anotiicraspectofthcpresentinventionpn)videsaUquid ''T' "^^^^^f coriesponds to the area 

crystal display device for performing display comprising: a ^'''^?'^^ '^"^^^ (^*) (^^^ shadowed 

liquid crystal; matrix electrodes including a plurality of ^^^* 

scanning electrodes and a plurality of information electrodes amount of light quantity difference (corresponding to 

which are used to apply a voltage to the liquid crystal; 50 *he area between the optical response corves) that adversely 

driving means for applying to the liquid crystal a reset signal affects the tone level varies depending on the time length of 

having a polarity and a write-in signal having the opposite a frame, the length of a lingering period C, and the length of 

polarity, and for inverting Uiepdarity of the reset signal and the total A+B of an erasing (resetting) period A and a 

ttie polarity of the write-in signal every predetermined write-in period B. Further, it is significantly dependent on 

scanning period of time; and means for providing the pixel 55 the number of tones used for display. For example, if 8 tones 

with different transmittances corresponding to tiie polarity of are used, the Hght quantity difference corresponding to the 

the reset signal m wder to achieve a desired display status area SSI may be to 12.5%. On the other handfif 256 

^^1?^ tones are used, it must be as small as 0.39% or smaller. 

Further objects, features and advantages of the present TUf. cci»' « „«vu- 

invention will become apparent from tiie following ^ A^^^^nont^h^ 

tion of the preferred eM>odiments with referenle to t^ ^ A +B+C starting at tiie erring start tmimg. the ar^^ 

attached drawings * whence 10 uie ^ response curve (3-2) or (4-2) 

' is below tiie optical response curve (3-1) or (4-1). In 

BRIEF DESCRIFnON OF THE DRAWINGS addition, tiie area where tiie c^tical response curve (3-2) or 

HG. 1 sdiematically illustrates the relation between the (^*2) is below tiie optical response curve (3-1) or (4-1) is 

20 transmittaoce of an FLC and the voltage applied thereto 65 referred to as "area SS2". 

in a conventional FLC device employing die area modula- To eliminate tiie adverse effect on tone level caused by tiie 

tion metiiod. light quantity difference, tiie amount of white write-in 10 
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following a black reset and the amount of black write-in (the state that allows the pixel to transmit the Tninimnm light 

fallowing a white reset with respect to the same infonnation quantity); N is the number of tones to be display; and n is the 

to be displayed are determined so as to equalize the inte- serial number of a tone. 

grated light quantities following the white write-in and the The light quantity difference AS;^ between two consecu- 

black write-in in the frames. More specifically, as indicated 5 tive tones of the N tones over the period of a frame is: 

by the graph 4 of FIG. 10, the light quantity achieved by the 6S^S^S VN 
white write-in pulse following a black reset pulse (4-1) is 

inaeased and the light quantity achieved by the black Hierefore, if ISS1-SS2I<AS;^, then good display can be 

write-in pulse following a white reset pulse (4-2) is reduced achieved. Preferably^ ISSl-SS2l<ASjy/2, and more 

so that the areas SSI and SS2, excluding periods A and B, lo preferably, ISS1-SS21<AS^4. 

become equal, that is, the integrated light quantity over a The pulse width or height of a write-in pulse is coirected 

period in a frame excluding the erasing and writing-in with a correction so as to obtain the desired value of Qj, Q3 

periods A and B is maintained at the same level despite the or the intersection Tt of the two optical response curves in 

different erasing and writing-in manners. The fluctuation of the lingering period C and thereby minimize the light 

tone level can be thus eliminated or reduced. 15 quantity difference ISS1-SS21. The light quantity difference 

According to the conventional art, the write-in pulses SS2 preferably reduced to 1.6% or less in terms of integrated 

^BON "^woN determined so that the light quantity transmittance (average transmittance in a frame), 

after lingering end timing Tee becomes a target value Qj. On Although the present invention has been described in 

tfie other hand, according to the present invention, the white connection with a multiplexing-driven LC display device 

write-in pulse ysos following the black reset is corrected 20 which inverses the write-in (reset) orientation every frame 

with a correction £^bon ^ a pulse height ^boi^^^bon so period, the present invention can be suitably applied to an 

as to provide a light quantity (Q2>Qi) after the lingering LC display device which performs 1-H inversion, that is, 

end timing Tee. inverses the write-in (reset) orientation every horizontal 

In stead of inacasing the pulse height the pulse width B f paiod, or an LC dispky device which performs 

may be increased by a concction AB so as to provide the ^ ^'^^ inversion, that is, mverses tiie wnte-in (reset) onenta- 

light quantity (Q2>Q,) after the lingoing end timing Tee. ^ion every field scanning period. In a more preferable mode, 

- . ^ . , ^- ^ - , ,r .1- a combination of some of the above inversion methods is 

Furth«,iiisteadof wirectmgthe whiusmp^ ^ ^ contortion of the 1-H inver- 

bkck««t^mpulse-V^^foUowingthe wM^ j.p^ comhLQation of the 1-H 

collected wthacoiTection-AV^o;^to-V^oA^-Ay^<,;vSo inversion and the l-Rn (1-frame) inversion, thereby pro- 

"'"'''^ ' ^ longiBg the service liffof the Lc! 

^ ' An embodiment of the LC device of the present invention 

Naturally, the width B of the blade write-in pulse may be will be described with reference to HGS. 11 and 12. FIG. 11 

inaeased by a collection AB so as to provide the light is a block diagram of the LC display device of the present 

quantity Q3 (Qi>Q3) after the lingering end timing Tee. 35 invention, FIG. 12 is a timing chart of image data commu- 

StUl further, any combination of the above concction nication according to the present invention, 
methods may be employed. For exan^le, both the white and A graphic controller 102 transfers image data PDO to PD3 
black write-in pulses arc coirected so as to provide light - including scanning line address data for designating scan- 
quantities Q2 and (Ja (Q2>Qi>Q3) after the lingering end ning electrodes arid display data to be written into the 
timing Tee. 40 scanning lines designated by the scanning line address data, 

It may be conceived tiiat a shift from the target light to an FLC display apparatus 101, more specifically, to a 

quantity Qj IQi-QJ or IQx-<J3l would adversely affect display driving circuit 104/105 composed of a scanning line 

images. However, according to experiments, the present circuit 104 and a data line drive circuit 105. 

inventors have confirmed that because the light quantity Because this embodiment uses a single transmission line 

differences SSI and SS2 after resetting and writing-in in 43 to transfer image data induding scanning line address data 

individual frames offset each other, the quality of images is ^nd display data, an AH/DL signal is employed to identify 

considerably enhanced instead. the two types of data* The AH/DL is set at two levels, that 

Even if , in a matrix-driven (multiplexing-driven) LC ^ ™ ^= AH/DL 
device, substantial reduction of the light quantity difference ^^nal corresponds to scanning line address data, and the 
SSI is impeded by the parasitic capacity or parasitic resis- coiTcsponds to display data, 
tance of the pixels which increase as the pixels are further scanning line address data are extracted from the 
mimaturizedandhighlypacked,theLC display deviceofthe (PDO-PDS) by a drive control circuit 111 pro- 
present invention can enhance the apparent quahty of vidcd in the FLC display apparatus 101, and then ouq)utted 
injages^ therefrom to the scanning line drive drcnit 104 in accor- 

ItispreferabletodetermineacoirectionlightquantityS2 dance with the timm^ 

as follows 4"*""^/ ijLne. The scanmng line address data is mputted to a decoder 

^ „ / , « provided in the scanning line drive circuit 104, Then, a 

lhehghtquantitySD(0^n^N)throughapixelintegrated scamiing signal generating dicuit 107 drives one of the 

over the pmod of one frame when the nth tone is displayed scanning electrodes of a display panel 103 designated by the 

60 decoded scanning line address data. 

Sn=(S^Sff)iLVN+Ss the other hand, the display data is ii^utted to a shift 

register 108 provided in the data line drive circuit 105, 

where Sy^is the integrated light quantity through a pixel over where the display data is shifted in units of 4 pixels with 

the period of a frame when the pixel is entirely white (the reference to a transfer clock. After shifting one horizontal 

state that allows the pixel to transmit the maximum light 65 scanning line of display data, that is, display data for 1280 

quantity); S^ is the integrated light quantity through a pixel pixels, the shift register 108 outputs the shifted display data 

over the period of a frame when the pixel is entirely black to a liae memory 109 provided adjacent tiiereto. The line 
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memory 109 stores the display data during the horizontal 
scanning period, and an image data generating circuit 110 
ou^uts the data in the form of display data signals to the 
conesponding information electrodes, 

Fuiiher, in this embodiment, the generation of scanning 
line address data and display data by the graphic controller 

102 is non-synchronous with driving of the display panel 

103 by the FLC display apparatus 101. Therefore, this 
embodiment uses a synchronization (SYNQ signal to syn- 
chronize or detennine suitable timing of image data transfer 
from the graphic controller 102 to the FLC display apparatus 
101. The SYNC signal is generated by the drive control 
circuit lU of the FLC display apparatus 101 every horizon- 
tal scanning period. The graphic controller 102 constantly 
monitors the SYNC signal When the SYNC signal is at 
LOW level, the gr^hic controller 102 transfers image data 
to the FLC display apparatus 101. When the SYNC signal is 
at HI level, the graphic controller 102 transfers no image 
data thereto after transferring image data for a horizontal 
scanning line. More specifically, inmiediately after the 
gr^hic controller 102 detects switching of the SYNC signal 
to LOW level it switches the AH/DL signal to HI level and 
starts transferring the image data for a horizontal scanning 
line. During the transfer of image data, the drive control 
circuit 111 of the FLC display apparatus 101 switches the 
SYNC signal to HI level. After a predetermined horizontal 
scanning period, that is, when the display data has been 
written into the display panel 103, the drive control circuit 
(FLCD controller) 111 switches the SYNC signal back to 
LOW level to receive image data for the next horizontal 
scanning line from the graphic controller 102. 

In this embodiment, a compensating circuit 113, that is, 
light quantity compensating means according to the present 
invention, is provided in the drive control circuit 111, as 
shown in FIG. 11. 

The coiiq)ensating circuit 113 in this embodiment con- 
tains a detector circuit for detecting the reset orientation of 
the pixels of a scanning line selected based on the scanning 



Another m^od adds a correction to a write-in signal 
component of a scanning signal instead of compensating a 
data signal. 

5 ' EXAMPLE 1 

A liquid ctystal cell having a sectional shape as illustrated 
in FIG. 10 was produced as Example 1. A lower substrate 
having a sectional shape like saw teedi was formed by filling 
10 an acrylic UV-curing resin 52 in a mold having a saw-tooth 
like shape and fixing the molded resin 52 to a glass substrate 
53. 

An irO film was sputtd-formcd into stripe electrodes 51 
on the saw-tooth like surface of the UV-curing resin 52, 
15 Then, an alignment film 54 having a thickness of about 300 
A was formed thereon by using an alignment film (LQ-1802, 
Hitachi Chemical). 

Similarly, the counter (upper) substrate also has stripe 
electrodes 51 formed thereon and an alignment film formed 
on the stripe electrode 51. However, the counter (upper) 
substrate was provided with flat surfaces, not a washboard- 
like surface. 

Rubbing was performed in one direction on each of the 
2j upper and lower substrates. The cell was composed so that 
the rubbing direction of the lower substrate was deviated 
about 6° clockwise from the rubbing direction of the upper 
substrate. The cell (LC) thickness was controlled so that thin 
portions of the LC had a thickness of about 1 .0 Mm and thick 
30 portions had a thickness of about 1.4 Mm. ITie stripe elec- 
trodes 51 were patterned along the grooves of the lower 
substrate so that a width of each inclines surface correspond- 
ing to a side of a saw tooth become one of the sides of a 
pixel. The stripe electrodes 51 were formed so that the width 
35 of each stripe 51 was 300 Mm. Each pixel was formed in the 
sh^ of a rectangular of 300 Mmx200 mhl 

A liquid crystal as shown in T^le 1 was used. 



20 



TABLE 1 



liquid Cental 



82.3»C. 76.6'»C. ^ 


54.8* C, ^ 










< ^ 

-2.5* C 


S 
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C* 

-205* C. 

f 






Ciyst 


Ps = 5^ nCVcm^, Ps < 0 
Tilt angle = 143° 
Ae— 0 


W C. 
30* C. 
30^ C. 









Une address data. In accordance with the detection result 
ou^utted by tiie detector circuit, the compensating circuit 
113 adds a ccrrection value (an offset value such as AV^^jg^ 
^woN or AB as mentioned above) to display data DO to 

Dm9. 

Sudi light quantity compensation can also be performed 
by other methods. 

In one method, the drive control circuit 111 selectively 
supplies to the data signal generating circuit 110 a reference 
voltage for correction (for example, AV^^;^ or AV^^^^) in 
accordance with the reset orientation, and the data signal 
generating circuit HO thereby generates corrected data sig- 
nals. 



The threshold of this LC was 11.5 volt/Mm (a pulse of 80 
MS, at as** C). The threshold of each pixel was 11.5-16.1 
volt (a pulse of 80 mS, at 25° C). 

Signals having waveforms as shown in FKj. 13 were used 
to display images on an LC display panel employing the LC 
cell 25 produced as described above. 

HQ. 13 illustrates: scanning signals SI, S2 and S3 applied 
to three adjacent scanning lines; a data signal I applied to a 
data line; and a drive signal (electric Add) Sl-I ^lied to 
the LC in the pixel at the crossing position where a scanning 
line receiving the scanning signal SI substantially intersects, 
that is, aosses over« an information line receiving the data 
signal L 
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The drive signal Sl-I causes the pixel to display an 
intenncdiate tone X. The polarity of the drive signal is 
inverted every horizontal scanning period. More 
specificaliy, the waveform of the drive signal for providing 
the intermediate tone X on the next scanning line is sub- 5 
stantially the symmetrical inversion of the wavefoim Sl-I 
about the line of reference voltage V^^ 

The drive signal Sl-I includes a reset signal 91, a first 
write-in signal 92, a second write-in signal 93, non-inverse 
signals 94, auxiliary signals 95. The conibination of the first 
and second write-in signals 92, 93 dctennines a tone to be 
displayed. The non-inverse signals 92, 93 are data signals 
that are applied to the data line when other scanning lines 
(S2, S3) are selected. The non-inverse signals 92, 93 do not 
substantially change the display status of the LC in the pixel. 
The auxiliary signals 95 are ^plied, when necessary, so as 
to inhibit the application of a DC voltage component to the 
LC. Hie auxiliary signals 95 have substantially no effect on 
display. 

To perform tone display by using drive waveforms as 
shown in FKj. 13, the write-in amounts were determined as 20 
follows. 

Because the transmission light quantity achieved by X 
%-tone writing-in after white resetting was about l.O-point 
greater than the transmission light quantity achieved by X 
%-tone writing-in after black resetting, the write-in level 25 
after white resetting was corrected to (X-1) 

Such correction of tone signals enhanced the display 
quality as discussed above. 

The parameters shown in FIG. 13 were determined as 
follows: 30 
IVl=2aO V, |V1I=17,2 V, IVil=3.4 to -3.4 V, IV3M V, 

dtl=40 mS, dt2=27 pS. and dt3=13 pS. 

The above parameters were determined so as to achieve 
transmittances of 0% and 100% in response to the applied 
voltages of 13.8 V and 20.6 V, respectively, and intermediate 35 
tones in response to voltages therebetween, when the volt- 
age modulation method was employed to perfarm tone 
display. 

Because the above exan^le is an exainple application of 
tiie present invention to the tone display according to the 40 
above-described pixel shift method, it used complex wave- 
forms. However, a principal feature of the present invention 
is to correct the wave height or pulse widdi of a write-in 
voltage so as to provide a transmittancc difference (SS2) 
between a period after Mack resetting and a period after 45 
white resetting even when the same tone data is written in. 

In this specification, "black (or light blocking state)" and 
'Svhite (or light transmitting state)" are coirespond to "dark 
(or light blocking state)" and "light (or light transmitting 
state)" of a liquid crystal cell having a polarizer. Therefore, 50 
"black (or light blocking state)" and * Vhite (or light trans- 
mitting state)** are inverted if the polarizer is accordingly 
shifted. 

As understood from tiie above description, the liquid 
crystal display device of the present invention achieves 55 
stable tone display regardless of the erasing (resetting) 
orientations. 

While the present invention has been described with 
reference to what are presently considered to be the pre- 
ferred enobodiments, it is to be understood that the invention 60 
is not limited to the disclosed embodiments. To the contrary, 
tiie invention is intended to cover various modifications and 
equivalent anrangements included within the spirit and scope 
of the appended claims. The scope of the foHowing claims 
is to be accorded the broadest interpretation so as to encom- 65 
pass all such modifications and equivalent structures and 
functions. 
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What is claimed is: 

1. A liquid crystal display apparatus of matrix-dectrodc 
type for performing tone display comprising: 

a) two electrode substrates spaced from each other so as 
to form a gap therebetween, each of said electrode 
substrates having an electrode extending in a direction 
different from the direction of the electrode of the other 
electrode substrate so as to substantially intersect the 
other electrode; 

b) a fiaxoelectric liquid crystal filled in the gap, whereby 
a pixel is formed in an intersection portion of said 
ferroelectric liquid crystal at which the electrodes of 
said two electrode substrates substantially intersect, the 
pixel having a non-uniform threshold distribution; 

c) driving means for applying to said liquid crystal a reset 
signal having a polarity and a write-in signal having an 
opposite polarity, and for inverting the polarity of the 
reset signal and the polarity of the write-in signal every 
predetermined scanning period of time; and 

d) con^ensating means for con^ensating the write-in 
signal, so that a first optical response curve correspond- 
ing to a reset signal having the polarity and a subse- 
quent write-in signal having the opposite polarity and a 
second optical response curve corresponding to a reset 
signal having the opposite polarity and a subsequent 
write-in signal having the polarity intersect in a frame, 

wherein the intersection occurs within a lingering period 
and wherein the compensating means compensates 
such that a difference ISS1-SS2I is reduced, where SSI 
equals the integration of a light quantity defined by the 
difference between said first and second optical 
response curves before the intersection occurs, and 
after the write-in-signal, in the frame and SS2 equals 
the integration of the light quantity difference between 
said first and second optical response curves after the 
intersection occurs. 

2. A liquid crystal display device for performing display 
conq)rising: 

a) a liquid crystal; 

b) matrix electrodes including a plurality of scanning 
electrodes and a plurality of infonnation electrodes 
which are used to apply a voltage to said liquid crystal; 

c) driving means for applying to said liquid crystal a reset 
signal having a polarity and a write-in signal having an 
opposite polarity, and for inverting the polarity of die 
reset signal and the polarity of the write-in signal eveiy 
predetermined scanning period of time; and 

d) compensating means for compensating the write-in 
signal, so diat a first optical response curve coirespond- 
ing to a reset signal having the polarity and a subse- 
quent write-in signal having the opposite polarity and a 
second optical response curve corresponding to a reset 
signal having the opposite polari^ and a subsequent 
write-in signal having the polarity intersect in a frame 

whaein the intersection occurs within a lingering period 
and wherein the con^ensatug means compensates 
such that a difference ISS1-SS2I is reduced, where SSI 
equals tiie integration of a light quantity defined by the 
difference between said first and second optical 
response curves before the intersection occurs, and 
after the write-in signal, in the firame and SS2 equals 
the integration of the light quantity difference between 
said first and second optical response curves after the 
intersection occurs. 

***** 
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